methanol extract (442 g) was dissolved into a mixture of chloroform-methanol (3 : 1, 0.8 l), then the precipitate was filtered with a sintered glass filter to remove high polar compounds and salts. The precipitate on the glass filter was rinsed with a small amount of a 3 : 1 mixture of chloroform-methanol. The combined filtrate was concentrated under reduced pressure to give a chloroform-methanol (3 : 1) soluble portion (203 g ). An aliquot of this portion (10.0 g) was chromatographed on a silica gel column (300 g).
Stepwise elution with chloroform-methanol (99 : 1, 9 : 1 and 1 : 1, 400 ml of each) gave three fractions. The second fraction (2.2 g) eluted with chloroform-methanol (9 : 1), contained terpenoids and glycerides, along with color pigments such as chlorophylls, according to the NMR analysis. The second fraction (2.15 g out of 2.2 g) was subjected to ODS silica gel flash column chromatography [H 2 O-methanol (1 : 19), methanol, and then methanol-acetone (3 : 1)] to obtain a mixture of plastoquinones. The separation and purification of the plastoquinone fraction by MPLC [hexane-ethyl acetate (5 : 2)] and HPLC [hexane-ethyl acetate (7 : 3)] gave 1 (1.28 g) and 2 (113 mg). These two compounds were identified by comparison of their physical properties with those reported in the patent, 12) however, some data, such as UV, IR, and the NMR assignments were missing. Their data were shown to be as follows. Oxidation of 1 to 2 To a mixture of 1 (51 mg, 119 mmol) in acetonitrile (2 ml) was added a solution of ammonium cerium (IV) nitrate (CAN, 80 mg, 146 mmol) in H 2 O (0.8 ml) at 0°C. The reaction mixture was stirred for 30 min at 0°C, a Na 2 S 2 O 3 solution (5 drops) was added to quench active CAN, and the product was concentrated under reduced pressure. The residue was extracted twice with ethyl acetate (2ϫ20 ml), and the combined extracts were washed with a saturated NaCl solution, dried over MgSO 4 , filtered, and concentrated under reduced pressure. The oily residue was purified by passing over a small plug of silica gel [hexane-ethyl acetate (2 : 1)], followed by MPLC separation [normal phase, hexane-acetone (3 : 1)] to afford 2 (37 mg, 72% yield) as pale yellowish oil: [a] D 25 ϩ12.2°(cϭ0.26, CHCl 3 ). The spectral data obtained for the product were identical to those of isolated 2.
Conversion of 2 to 3 Compound 2 (56 mg, 130 mmol) was treated with pyridine (1 ml) at room temperature under N 2 atmosphere. After standing for more than 12 h, pyridine was removed under reduced pressure. The residue was purified with silica gel column chromatography [hexane-acetone (3 : 1)] to provide the chromene derivative 3 (49 mg, 97% yield).
Compound 3 9 Animal Male Wistar rats (5 weeks of age) were purchased from Sankyo Labo Co., Ltd. The animals were maintained in a thermostatically controlled room at 24Ϯ2°C during the experimental period.
Antioxidant Activity Antioxidant activities, such as effects on lipid peroxidation in rat liver homogenates 15) and radical reductive activities on DPPH 16) were evaluated according to the corresponding literature.
Cells and Viruses Vero, human embryonic lung (HEL), HeLa 229 and MDCK cells were grown in Eagle minimum essential medium (MEM) supplemented with 5% fetal bovine serum (FBS). HSV-1 (HF and ACV-resistant A4-3 strains), HSV-2 (UW 268 strain), mumps virus (EY strain), measles virus (Toyoshima strain), poliovirus type 1 (Sabin strain), and coxsackie virus type B-1 (Conn-5 strain) were propagated on Vero cells, HCMV (Towne strain) on HEL cells, adenovirus type 2 on HeLa 229, and influenza A virus (NWS strain, H1N1) on MDCK cells. Cytotoxicity For cell growth inhibition studies, subconfluent Vero, HeLa 229 and MDCK cells were treated with increasing amounts of the compound for 3 d. HEL cells were treated for 5 d in the presence of the compound. The 50% inhibitory concentration (CC 50 ) was calculated from dose-response curves.
Antiviral Activity In the antiviral assay for the viruses, except for adenovirus, cell monolayers were infected with virus at 0.1 plaque-forming unit (PFU) per cell for 1 h at room temperature and incubated in maintenance medium (MEM plus 2% FBS). Virus production was determined by plaque assay at 24-h incubation for HSV-1, HSV-2, mumps virus, measles virus, influenza virus, poliovirus and coxsackie virus, and at 5-d incubation for HCMV. The 50% inhibitory concentration (IC 50 ) was obtained from dose-response curves. For anti-adenovirus assay, HeLa cells were infected with virus at 100 TCID 50 (50% tissue culture infectious dose) and incubated in maintenance medium for 3 d. Production of adenovirus was determined by cytopathic effects, and TCID 50 s were calculated.
RESULTS AND DISCCUSION
The chloroform-methanol (3 : 1) soluble portion of the hot methanol extract of S. micracanthum, collected at the Toyama Bay coastline in the middle area of the Sea of Japan, was repeatedly purified with a silica gel column and an ODS silica gel column, followed by HPLC separation to obtain plastoquinones 1 and 2. Although the gross structures of 1 and 2 were already reported as biologically active components from other Sargassum species, 12) each absolute configuration of the C-14Ј hydroxyl group was not yet determined. Its configuration was deduced by the modified Mosher's method. 13) Standard conditions for the esterification of 2 did not work, and a complex mixture was obtained. In this case, pretreatment with pyridine to convert a new chromene derivative 3 14) afforded a good result. After preparing each enantiomeric pair of MTPA diesters of 3 at C-11Ј (corresponding to the C-14Ј in 1 and 2) hydroxyl and phenol, 1 H-NMR spectra of each were measured, and the dD values (d S-MTPA Ϫ d R-MTPA ) were obtained as depicted in Fig. 2 . These findings concluded that the absolute configuration at C-14Ј in 1 and 2 was determined as R.
Compounds 1, 2 and 3 displayed various bioactivities, especially significant antioxidant activities, such as an inhibitory effect on NADPH-dependent lipid peroxidation in rat liver microsomes 16) and a radical scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) 17) ( Table 1 ). The inhibitory effect of compounds 1, 2 and 3 on lipid peroxidation were observed at IC 50 0.11, 1.0 and 0.28 mg/ml, respectively, showing them to be more than a ten to hundredfold stronger than that of the positive controls, a-tocopherol and L-ascor- bic acid, well known as vitamins E and C. On the other hand, compounds 1 and 3 were found to have a moderate radical reducing effect on DPPH, with IC 50 values of 11.0 and 10.7 mg/ml, respectively (Table 1) . Positive controls showed a similar activity to that of the samples, except for 2.
The strong antioxidant activity of 1 and 3 might be ascribed to the hydroquinone and phenol moiety, respectively, both of which could be converted to a stable phenoxyl radical, rather than the isoprene side chain, as the precursor of an allyl radical. Due to the structural similarity between 3 and a-tocopherol, the structure-activity relationship has been investigated in detail.
The antiviral activity of 3, together with 1 and 2, against various viruses was also estimated in vitro, because anti-HIV active chromene derivatives were reported.
18) Cytotoxic concentration toward host cells (CC 50 ) and inhibitory activity against replication of progeny viruses (IC 50 ) were summarized in Table 2 . It is generally evaluated to be antivirally active when the selectivity index (CC 50 /IC 50 ) is more than 10. In the case of compound 1 and a-tocopherol, essentially no effect (Ͻ10) was found, despite of the structural similarities to those of 2 and 3. These results suggested that 2 and 3 might be candidates as lead compounds in an anti-HCMV drug. Their antiviral mechanisms are currently under investigation. a) A: Sample was added to the medium during viral infection and through the incubation. B: Sample was added to the medium immediately after viral incubation.
